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$EVWUDFW²'XH WR WKH LQFUHDVHG XVH RI UHQHZDEOH HQHUJ\ DQG
SRZHUHOHFWURQLFDSSOLFDWLRQVPRUHPXOWLOHYHOFRQYHUWHUV0/&
DUHGHYHORSHG$1HXWUDO3RLQW&ODPSHG13&LQYHUWHULVRQHRI
WKHPRVW XVHGPXOWLOHYHO WRSRORJLHV IRUZLQG WXUELQH :7 DQG
SKRWRYROWDLF39DSSOLFDWLRQV2QHRIWKHPRVWFUXFLDOSRLQWVLQ
WKLVW\SHRIFRQYHUWHULVGFYROWDJHFRQWURO,QWKLVSDSHUDQRYHO
PXOWL RXWSXW GFGF FRQYHUWHU FRQQHFWHG WR D GLRGH FODPSHG
WRSRORJ\LVSUHVHQWHG7KLVFRQYHUWHUIRUDJLYHQGXW\F\FOHV LV
DEOHWRUHJXODWHWKHFDSDFLWRUYROWDJHWRSURYLGHDQDSSURSULDWH
LQSXWYROWDJHIRU13&UHJDUGOHVVRIORDGFKDQJHVZKLFKFDQDYRLG
QHXWUDOSRLQWEDODQFLQJSUREOHPLQVXFKFRQYHUWHUV,QDGGLWLRQ
WKHSUHVHQWHG WRSRORJ\ LV VXLWDEOH IRU UHQHZDEOHHQHUJ\ V\VWHPV
WR ERRVW WKH ORZ UHFWLILHG RXWSXWYROWDJH ,Q RUGHU WR YHULI\ WKH
SURSRVHG WRSRORJ\ VWHDG\ VWDWH DQDO\VLV PRGHOOLQJ DQG
VLPXODWLRQVDUHFDUULHGRXW


,QGH[ 7HUPV²0XOWLOHYHO LQYHUWHU GLRGH FODPSHG LQYHUWHU
QHXWUDOSRLQWYROWDJHGFGFFRQYHUWHUPXOWLRXWSXWFRQYHUWHU

,,1752'8&7,21
 INCE wind turbine (WT) and photovoltaic (PV) systems 
have been addressed by many researches, the need of 
direct connection of these systems to a high and medium 
voltage grids forces modification of the multilevel topologies. 
Among them, (NPC) is the most common type of converter 
which is widely used in WT and PV applications. Fig. 1 shows 
a basic configuration of a three-level NPC topology. The most 
crucial issue in NPC is the neutral point voltage balancing and 
it has been studied by several authors [1-3]. 
0XOWL RXWSXW GFGF FRQYHUWHUV DUH VXFK HIILFLHQW DQG
HFRQRPLFDOGHYLFHVZKLFKDUHXVHGLQVWHDGRIVHYHUDOVHSDUDWH
VLQJOH RXWSXW FRQYHUWHUV WR PDNH XS D PXOWL RXWSXW SRZHU
VXSSO\ >@ 5HFHQWO\ VHYHUDO W\SHV RI PXOWL RXWSXW GFGF
FRQYHUWHUV VXFK DV VZLWFKHGFDSDFLWRU //& UHVRQDQW
WRSRORJ\ FURVV UHJXODWLRQ DQG SDUDOOHO UHJXODWLRQ WHFKQLTXHV
ZKLFK DUH ZLGHO\ XVH LQ WHOHFRPPXQLFDWLRQ FRPSXWHUV DQG
LQGXVWULDOILHOGVDUHDGGUHVVHGLQ>@UHVSHFWLYHO\
7KLV SDSHU SURSRVHV D QRYHO GFGF FRQYHUWHU ZLWK VHULHV
FDSDFLWRUVLQRUGHUWRJHQHUDWHWZRGLIIHUHQWYROWDJHOHYHOVIRU
13&LQYHUWHU,WFDQDOVREHDSSOLHGIRUPRUHYROWDJHOHYHOV

 
7KHDXWKRUVDUHZLWK6FKRRORI(QJLQHHULQJ6\VWHPV4XHHQVODQG8QLYHUVLW\
RI7HFKQRORJ\$XVWUDOLDHPDLOQDPLD#TXWHGXDX
3URI%ODDEMHUJLVZLWK$DOERUJ8QLYHUVLW\LQ'HQPDUN

)LJ$FLUFXLWFRQILJXUDWLRQRIDWUDGLWLRQDOWKUHHOHYHO13&
7KLV FRQYHUWHU EDVLFDOO\ RSHUDWHV DV D ERRVW RU EXFN
FRQYHUWHU EDVHG RQ GXW\ F\FOHV RI WKH VZLWFKHV LQ HDFK
VXELQWHUYDO RI WKH VZLWFKLQJ SHULRG ,Q WKLV FRQYHUWHU E\
FRQWUROOLQJWKHGXW\F\FOHVRIWKHVZLWFKHVLQHDFKVXELQWHUYDO
WKHRXWSXWYROWDJHFDQEHFRQWUROOHGWRSURYLGHWKHDSSURSULDWH
LQSXW GFYROWDJH IRU WKH13&7KLV FDQ DYRLG WKH FDSDFLWRUV
YROWDJHXQEDODQFLQJLQWKHGLRGHFODPSHGWRSRORJ\0RUHRYHU
E\ DSSO\LQJ WKH SUHVHQWHG WRSRORJ\ LQ UHQHZDEOH HQHUJ\
V\VWHPV ORZ UHFWLILHG RXWSXWYROWDJH FDQ EH ERRVWHG WR D
GHVLUHGOHYHO
,Q RUGHU WR YHULI\ D IHDVLELOLW\ RI WKLV WRSRORJ\ DQG LWV
DSSOLFDWLRQ VWHDG\ VWDWH DQG G\QDPLF DQDO\VLV KDYH EHHQ
FDUULHG RXW )LQDOO\ VLPXODWLRQ UHVXOWVDUH FRPSDUHGZLWK WKH
WKHRUHWLFDO DQDO\VLV ERWK IRU WKH VWHDG\ VWDWH DQG WUDQVLHQW
PRGHV
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$EDVLFFRQILJXUDWLRQDQGFLUFXLWGLDJUDP
$EDVLFFRQILJXUDWLRQDQGFLUFXLWGLDJUDPRIWKHQRYHOGF
GFFRQYHUWHUZLWK WZRRXWSXWYROWDJHV LV VKRZQ LQ)LJ D
7KLV FLUFXLW LQFOXGHV WKUHH VZLWFKHV ZKLFK DUH QDPHG 6
m
 61
DQG62DQGWZRFDSDFLWRUV&1DQG&2ZLWKGLIIHUHQWORDGV51DQG
52,QWKHVXELQWHUYDO]HUR6mLVWXUQHGRQDQGWKHLQGXFWRUFDQ
EHPDJQHWL]HG E\ WKH FXUUHQW IORZLQJ WKURXJK LW ,Q WKHQH[W
WZRVXELQWHUYDOV6
m
UHPDLQVRIIDQGWKHWZRVZLWFKHV61DQG
62ZRUN LQDFRPSOLPHQWDU\ IDVKLRQWRFKDUJH WKHFDSDFLWRUV
:KHQ61 LV RQ DQG62 LV RII WKH LQGXFWRU FXUUHQW FDQ FKDUJH
ERWK&1DQG&2WRSURGXFHY1DQGY2UHVSHFWLYHO\2QWKHRWKHU
KDQGZKHQ6LVRIIDQG6LVRQLQWKHODVWVXELQWHUYDO&LV
EHLQJ GLVFKDUJHG WKURXJK 5 DV UHYHUVH FXUUHQW IORZ LV
SURKLELWHG E\ WKH GLRGH ZKLOH & LV EHLQJ FKDUJHG E\ WKH
LQGXFWRUFXUUHQW&RQVHTXHQWO\WKHRXWSXWYROWDJHOHYHOFDQEH
FRQWUROOHGE\DGMXVWLQJWKHGXW\F\FOHRIHDFKVZLWFK
$1HZ&RQILJXUDWLRQIRU0XOWLOHYHO&RQYHUWHUV
:LWK'LRGH&ODPSHG7RSRORJ\
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)LJ$FLUFXLWGLDJUDPDZLWKVZLWFK6EZLWKGLRGH'

 &RUUHVSRQGLQJWRFLUFXLWRSHUDWLRQLW LVSRVVLEOHWRUHSODFH
WKHWRSVZLWFK6E\DGLRGHDVVKRZQLQ)LJE'XULQJWKH
VHFRQGVXELQWHUYDOWKHGLRGHFDQGLUHFWWKHLQGXFWRUFXUUHQWWR
ERWK WKH FDSDFLWRUV +RZHYHU ZKHQ 6 LV RQ LQ WKH ODVW
VXELQWHUYDOWKHGLRGHREVWUXFWWKHFKDUJLQJFXUUHQWWKURXJK&
EHFDXVHWKHYROWDJHDFURVVWKHGLRGHZLOOEHQHJDWLYH7KXVWKH
VZLWFK6FRQGXFWVWRGLUHFWWKHLQGXFWRUFXUUHQWWR&
 )LJ VKRZV WKH SURSRVHG GFGF FRQYHUWHU FRQQHFWHG WR D
WKUHHOHYHO13&ZKLFKSURYLGHVPXOWLRXWSXWYROWDJHVIRUWKH
FRQYHUWHU$VGHVFULEHGLQWKHSUHYLRXVVHFWLRQE\FRQWUROOLQJ
WKHSURSRVHGGFGFFRQYHUWHUWKHLQSXWGFYROWDJHRILQYHUWHU
FDQ EH UHJXODWHG WR Y DQG Y 7KH IROORZLQJ VXEVHFWLRQ
GLVFXVVHVWKHRSHUDWLRQRIWKHGFGFFRQYHUWHULQVWHDG\VWDWH


)LJDQDSSOLFDWLRQRIWKHPXOWLRXWSXWGFGFFRQYHUWHUWRSRORJ\IRUDWKUHH
OHYHO13&

%6WHDG\6WDWHDQDO\VLV
:LWKUHVSHFWWR)LJEGLIIHUHQWRSHUDWLRQPRGHVRIWKH
FLUFXLWDUHGHVFULEHGDVIROORZV
'XULQJ WKH VXELQWHUYDO ]HUR 6P LV RQ DQG 6 LV RII )LJ
LOOXVWUDWHV WKH HTXLYDOHQW FLUFXLW 7KH LQGXFWRU LVPDJQHWL]HG
E\WKHLQSXWFXUUHQWDQGWKHFDSDFLWRUVDUHGLVFKDUJHGWKURXJK
WKHORDGV)LJVKRZVWKHFDSDFLWRUVFXUUHQWVDQGWKHLQGXFWRU
YROWDJHZDYHIRUPV


)LJ(TXLYDOHQWFLUFXLWLQILUVWVXELQWHUYDO

)LJ&DSDFLWRUFXUUHQWVDQGLQGXFWRUYROWDJHLQILUVWVXELQWHUYDO

 'XULQJ WKH VXELQWHUYDO RQH 6P DQG 6 DUH VZLWFKHG RII
)LJVKRZVWKHHTXLYDOHQWFLUFXLW$VVKRZQLQ)LJDQG)LJ
WKHFDSDFLWRUVDUHEHLQJFKDUJHGE\WKHLQGXFWRUFXUUHQW

)LJ(TXLYDOHQWFLUFXLWLQVHFRQGVXELQWHUYDO

)LJ&DSDFLWRUFXUUHQWVDQGLQGXFWRUYROWDJHLQVHFRQGVXELQWHUYDO

 ,QVXELQWHUYDOWZR6P LVRIIDQG6LVRQ)LJVKRZVWKH
HTXLYDOHQWFLUFXLW$VLOOXVWUDWHGLQ)LJ&LVEHLQJFKDUJHG
E\WKHLQGXFWRUFXUUHQWDQG&LVGLVFKDUJLQJWKURXJK5
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)LJ(TXLYDOHQWFLUFXLWLQWKLUGVXELQWHUYDO

)LJ&DSDFLWRUFXUUHQWVDQGLQGXFWRUYROWDJHLQWKLUGVXELQWHUYDO

 ,Q WKH VWHDG\ VWDWH WKH DYHUDJH FDSDFLWRU FXUUHQW RYHU RQH
VZLWFKLQJF\FOHLVHTXDOWR]HURWKXV
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WKHVPDOO
VLJQDOHTXDWLRQVFDQEHH[WUDFWHGDVEHORZ
ÖÖÖÖÖÖ  WG9WG99WY''WY'WYGW
WLG/ J −+−+−−= 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
The 8th International Power Engineering Conference (IPEC 2007) 663
ÖÖÖÖ 


 WG,WL'5
WY
GW
WYG& ++−= 
ÖÖÖÖÖ 


 WG,WG,WL''5
WY
GW
WYG& ++++−= 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&RQVLGHULQJ WKHVH HTXDWLRQV DQG FKRRVLQJ WKH FDSDFLWRUV
YROWDJHVDQGWKHLQGXFWRUFXUUHQWDVWKHVWDWHYHFWRUYDULDEOHV
ZKHUHYJW DQGGW DUH WKH LQSXWVRI VPDOOVLJQDODFPRGHO
RIWKHV\VWHPWKHDFFLUFXLWPRGHOFDQEHGHILQHGDVVKRZQLQ
)LJ


)LJ6PDOOVLJQDODFHTXLYDOHQWFLUFXLWPRGHORIDPXOWLRXWSXW
FRQYHUWHU
,,,6,08/$7,215(68/7
 7KH REMHFWLYH RI WKLV VHFWLRQ LV WR YHULI\ WKH SURSRVHG
WRSRORJ\ E\ FRPSDULQJ WKH WKHRUHWLFDO UHVXOWV IRU WKH VWHDG\
VWDWH DQG PRGHOOLQJ ZLWK WKH VLPXODWLRQ UHVXOWV DW GLIIHUHQW
FRQGLWLRQV DQG RSHUDWLRQ PRGHV $V SUHVHQWHG LQ WKH ILQDO
HTXDWLRQV LQ WKH VWHDG\ VWDWH WKH RXWSXW YROWDJHV FDQ EH
FRQWUROOHG E\ WKH GXW\ F\FOHV RI WKH VZLWFKHV DQG WKH ORDG
LPSHGDQFH ,QRUGHU WRFRQVLGHU WKHHIIHFW RI WKH ORDGRQ WKH
RXWSXW YROWDJHV VLPXODWLRQV KDYH EHHQ SHUIRUPHG IRU WKUHH
GLIIHUHQW ORDG FRQGLWLRQV Q1  Q2  DQG Q3  ZKHUH
Q 51527KHVLPXODWLRQUHVXOWVDUHVKRZQLQ)LJWR)LJ
IRU DZLGH UDQJH RI YDULDEOHV7KHVH VLPXODWLRQ UHVXOWV VKRZ
WKDW WKH RXWSXW YROWDJH FDQ EH FRQWUROOHG E\ VXLWDEOH GXW\
F\FOHVUHJDUGOHVVRIFKDQJHVLQWKHORDG$QRWKHUDGYDQWDJHRI
WKLVWRSRORJ\LVWKDWWKHGFGFFRQYHUWHUFDQEHHLWKHUDERRVW
RUDEXFNERRVWFRQYHUWHU

)LJ9DULDWLRQRI91DQG92LQWHUPVRI'1DQG'2 IRUQ 

)LJ9DULDWLRQRI91DQG92LQWHUPVRI'1DQG'2 IRUQ 

)LJ9DULDWLRQRI91DQG92LQWHUPVRI'1DQG'2 IRUQ 

 )LJ UHSUHVHQWV WKH RXWSXW YROWDJHV LQ VLPXODWLRQV IRU
WKUHH GLIIHUHQW ORDG FRQGLWLRQV LQ WKH VWHDG\ VWDWH ZKHUH
7 V5 5 ' DQG' DUH  7KH VLPXODWLRQ
UHVXOWV FRQILUP WKH WKHRUHWLFDODQDO\VLV DQG WKH HTXDWLRQV IRU
WKHVWHDG\VWDWHRSHUDWLRQ
 ,Q RUGHU WR YHULI\ WKH VPDOOVLJQDODFPRGHO WZRGLIIHUHQW
VLPXODWLRQVKDYHEHHQFDUULHGRXWLQ6,08/,1.EDVHGRQWKH
DYHUDJLQJPRGHODQGWKHFLUFXLWGLDJUDPVKRZQLQ)LJZLWK
LGHDO FRPSRQHQWV DQG VDPH FDSDFLWRUV DQG LQGXFWRU YDOXHV
7KHVLPXODWLRQUHVXOWVDUHVKRZQLQ)LJDQGWKHRQO\HUURU
EHWZHHQ WKHVHPRGHOVDUHDVVRFLDWHGZLWK WKHKLJK IUHTXHQF\
SDUW RI WKH VLJQDO ZKLFK LV QRW FRQVLGHUHG LQ WKH DYHUDJLQJ
WHFKQLTXHV)RUWKLVFDVHVWXG\WKHORDGSDUDPHWHUVFKRVHQDUH
5 5 'DQG'DUH
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DYWE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WFLW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

,9&21&/86,21
 ,Q WKLV SDSHU D QHZ WRSRORJ\ IRU D PXOWL RXWSXW GFGF
FRQYHUWHU LVSUHVHQWHG LQRUGHUWRVXSSO\ LQSXWYROWDJHV IRUD
GLRGHFODPSPXOWLOHYHO LQYHUWHU 8VLQJ WKLV FLUFXLW WKH LQSXW
YROWDJHVRIWKH13&FDQEHDGMXVWHGWRDGHVLUHGYROWDJHOHYHO
E\ WKH GFGF FRQYHUWHU WKHUHE\ VROYLQJ WKH PDLQ SUREOHP
DVVRFLDWHGZLWKEDODQFLQJ WKHFDSDFLWRUVYROWDJHV LQ WKH13&
WRSRORJ\ )XUWKHUPRUH VLQFH WKH GF RXWSXW YROWDJH RI 39 RU
ZLQG WXUELQH V\VWHPV DUH QRW YHU\ KLJK WKLV WRSRORJ\ LV D
VXLWDEOHFDQGLGDWH IRU WKHVHV\VWHPVDV LW FDQERRVW WKH LQSXW
YROWDJH IRU D WUDQVIRUPHU OHVV JULG FRQQHFWLRQ EDVHG RQ WKH
PXOWLOHYHOWRSRORJ\7RYHULI\WKHRSHUDWLRQRIWKLVWRSRORJ\
ERWK VWHDG\VWDWH DQG VPDOOVLJQDO DF PRGHO KDYH EHHQ
FRPSDUHGWKURXJKVLPXODWLRQ

95()(5(1&(6
>@$%HQGUH*9HQNDWDUDPDQDQ'5RVHQHDQG96ULQLYDVDQ0RGHOOLQJDQG
GHVLJQ RI D QHXWUDOSRLQW YROWDJH UHJXODWRU IRU D WKUHHOHYHO GLRGH FODPSHG
LQYHUWHUXVLQJPXOWLSOHFDUULHUPRGXODWLRQ´ ,(((7UDQVDFWLRQV RQ ,QGXVWULDO
(OHFWURQLFVSS9RO-XQH
>@ 1&HODQRYLF '%RUR\HYLFK ³$ &RPSUHKHQVLYH VWXG\ RI QHXWUDOSRLQW
YROWDJHEDODQFLQJ3UREOHPLQWKUHHOHYHOQHXWUDOSRLQWFODPSHGYROWDJHVRXUFH
3:0 LQYHUWHUV´ ,((( 7UDQVDFWLRQV RQ 3RZHU (OHFWURQLFV SS
9RO
>@ -3RX 53LQGDGR '%RUR\HYLFK 35RGULJXH] ³(YDOXDWLRQ RI WKH ORZ
IUHTXHQF\QHXWUDOSRLQWYROWDJHRVFLOODWLRQVLQWKHWKUHHOHYHOLQYHUWHU´,(((
,(&21¶SS9RO1RYHPEHU
>@;<XQ[LDQJDQG*-LXFKDR³6WXG\RQWKHYROWDJHVWDELOLW\RIPXOWLRXWSXW
&RQYHUWHUV´,(((,3(0&¶SS9RO$XJXVW
>@ ,+DUDGD 1KDUD )8HQR DQG ,2RWD ³0XOWLRXWSXW 6& W\SH '&'&
&RQYHUWHUXVLQJDIOH[LEOHFDSDFLWRUULQJRSHUDWLRQ³,(((,17(/(&¶-XQH

>@<*X/+DQJ+&KHQ=K/X=K4LDQDQG-/L³$VLPSOHVWUXFWXUHRI//&
UHVRQDQW'&'&FRQYHUWHU IRUPXOWLRXWSXW DSSOLFDWLRQ´ ,((($3(&¶
SS9RO0DUFK
>@ . 1 %DWHVRQ DQG ' & +DPLOO ³&URVVUHJXODWLRQ LQ WZR UHODWHG PXOWL
RXWSXWUHVRQDQW'&WR'&FRQYHUWHUV´,(((3RZHU(OHFWURQLFVDQG9DULDEOH
6SHHG'ULYHVSS2FWREHU
>@$)HUUHUHV-$&DUUDVFR(6DQFKLV-0(VSL DQG (0DVHW ³$SSOLFDWLRQ RI
DQRYHOSDUDOOHOUHJXODWLRQ WHFKQLTXHLQWZRRXWSXW IRUZDUGFRQYHUWHU´,(((
3(6&¶SS9RO-XO\
>@ -5RGULJXH] -6/DL DQG )=K3HQJ ³0XOWLOHYHO LQYHUWHUV $ VXUYH\ RI
WRSRORJLHV FRQWURO DQG DSSOLFDWLRQV´ ,((( 7UDQVDFWLRQV RQ ,QGXVWULDO
(OHFWURQLFV9RO$XJXVW
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